We investigated the validity of self-reported admission data compared to administrative records in a clinical trial.
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Validity of self-reported hospital admissions in clinical trials depends on recall period length and individual characteristics 1 Introduction
Economic evaluation studies are based on healthcare costs. Especially in randomised controlled trials (RCT), healthcare costs often rely on self-reported data (1, 2). Due to patients' enrollment in different insurance funds, cost data collection from health insurance companies is complex or may not be possible. Moreover, self-reported resource use offers an account of out-of-pocket payments and informal health services, which are relevant for economic evaluation from a societal perspective.
Therefore, the question arises as to how valid is self-reported resource use. Missing data and recall error affect the validity of self-reported resource use. Recall error is also influenced by length of recall period, frequency of use, or patient-related aspects such as age, gender, or health state and cognitive ability (3) . The validity of self-reported hospital admissions is of particular importance as hospital admissions are often the main cost drivers. The demographic trend towards an ageing population, which is a relevant driver for hospital care (4) , calls for further research on the validity of self-reports in elderly patients.
The question on the impact of recall period on the extent of recall bias has specific relevance in RCTs with longer follow-up periods. In studies with a follow-up period of 1 year, for example, participants can be either asked annually or more frequently with shorter recall periods, increasing ,however, the burden on participants (5) . Prolonging the time between participant contacts could increase missing values resulting from the increased chance of dropping out before being contacted. Reduced data collection from shortened recall periods and then extrapolating to the target period may not be a suitable option because information are less precise than asking for the whole target period (6, 7) . Therefore, more empirical evidence is needed to enable health economic researchers to control the impact of recall errors and recall bias when choosing the most appropriate design for data collection in RCTs or other longitudinal studies.
A few studies have validated self-reported healthcare use in the elderly population for a range of healthcare variables, but the percentage of participants who had at least one hospital admission was often only 3 -20% (8) (9) (10) (11) (12) . Therefore, results on the accuracy of self-reported hospital admissions were driven primarily by non-users. Moreover, participants of population based studies usually are healthier than participants of RCTs so that generalisability from general population to RCT participants is limited. There are two longitudinal studies in patients with mental disorders but without considering different recall periods (13, 14) and one study in primiparous women but disregarding hospital admissions in the regression analysis because of insufficient prevalence of admissions (15) . Only one population based Swedish study (6) examined the impact of different recall periods on the validity of self-reported hospital admissions, and one population based US study (16) reported agreement separated into monthly and annual recall periods.
The aim of this study is to investigate recall error and recall bias with respect to self-reported hospital admissions in a typical RCT in elderly patients with myocardial infarction and to analyse how length of recall period and individual characteristics such as gender, age, cognitive ability, and health status influence the validity of each self-reported single admission.
Methods
We distinguish between recall error and recall bias. Recall error occurs as a result of incorrect selfreport, i.e. over-or underreport of a single admission or length of stay. In contrast, when several incorrectly reported admissions or length of stays do exist, recall bias only occurs if overreporting outweighs underreporting (or vice versa) otherwise errors may cancel each other out.
Sample/study population
The data were obtained from the randomised controlled KORINNA trial, which evaluated the effectiveness and cost-effectiveness of a case management intervention by trained nurses in elderly patients with an acute myocardial infarction. The study design, intervention and results of the KORINNA trial are described elsewhere (17) (18) (19) (20) . The trial was approved by the Ethics Committee of the Bavarian Chamber of Physicians. The trial registration number is ISRCTN02893746. In short, between September 2008 and May 2010, 340 patients from the Augsburg region were recruited who were at least 65 years old and had an acute first or recurrent myocardial infarction treated at the Central Hospital of Augsburg (CHA). This is the major hospital -a tertiary care unit with 1731 bedsfor the population of 830,000 in the Greater Augsburg area, Germany. Exclusion criteria were a planned or present residence in a nursing home, severe comorbidity associated with a life expectancy of less than 1 year, insufficient ability to speak German and lack of ability due to cognitive disorders or willingness to consent. Patients who died or withdrew consent before hospital discharge were retrospectively excluded (n=11). The intervention consisted of at least one home visit and quarterly telephone calls during the first year and semiannual calls during the second and third years. The intervention and observation period spanned 3 years. For investigating validity of self-reported hospital admissions we excluded 15 participants because of conducting only proxy interviews; moreover, 41 participants had no interview because of dropping out or early death. Therefore a total of 273 participants attended at least one telephone interview. Figure 1 gives an overview of conducted telephone interviews in the respective follow-up period.
Data collection
In the first year, quarterly telephone interviews were conducted to collect data about healthcare use including hospital admissions in the past 3 months. In the second and third years, annual interviews were conducted covering the past 12 months. We asked for admission (no/yes) and, if yes, we asked for number of admissions; and for each admission, we asked for days per admission (length of stay), diagnosis, admission date, name and location of the hospital, and whether it was an unplanned or planned admission.
Each self-reported admission was validated by the study physician regarding date of admission, diagnosis, length of stay, and whether hospitalisation was planned or unplanned using hospital records or discharge letters. For the CHA, all hospital records were available and extracted for the whole study period and for every participant. For every participant who reported at least one admission to any other hospital all hospital records and discharge letters were requested from this hospital for the whole study period. If participants were transferred from one hospital to another, then this was counted as a single admission. Self-reported length of stay was regarded as valid if reported days corresponded with registered days of the respective admission. To quantify the problem of uncovered hospital admissions based on participants dropping out before being contacted we consider all admissions within the period of time between last interview and dropping out. Thus our data set consisted of each reported or unreported but registered single admission.
Functional status and cognitive ability were assessed at baseline and 1 year after discharge; depressive symptoms were also assessed 3 years after discharge, and self-rated health state was assessed at every interview.
Cognitive ability was measured using the Mini-Mental State Examination (MMSE) (21) . Scores lower than 24 are considered to be indicative of cognitive impairment (22) and dichotomised accordingly.
Depressive symptoms were assessed using the 15-item version of the Geriatric Depression Scale (GDS-15) (23). Scores above 5 are used to indicate clinically important depressive symptoms (24) and dichotomised accordingly.
Patients' self-rated health state was assessed using the EuroQol five-dimensional questionnaire visual analogue scale (EQ-VAS) ranging from 0 (worst imaginable health state) to 100 (best imaginable health state) (25).
Functional status was examined using the Barthel Index (26) ranging from 0 (totally dependent) to 100 (totally independent).
The Barthel-Index and MMSE were administered through medical examination and scored by the study physician; GDS-15 and EQ-VAS were administered through personal interviews conducted by the study nurse.
Statistical analysis
Descriptive statistics are presented for all patient characteristics. The prevalence of registered admissions and self-reported admissions is reported for each interview time point and recall period.
Information from discharge letters and hospital records was regarded as the gold standard for the calculation of the sensitivity, specificity, and accuracy of reports in the respective time period.
Sensitivity was calculated as the percentage of participants who accurately reported at least one hospital admission among all participants with at least one registered hospital admission. Specificity was calculated as the percentage of participants who accurately reported no hospital admission among all participants without registered hospital admissions. Accuracy was calculated as the percentage of correctly reported admission information among all patients.
The mean difference (bias) between self-reported and registered hospital days summed up within 1
year was analysed using a paired t-test. Alternatively, bootstrap resampling with 1000 resamples was applied to compute p-values because of the skewed distribution of the difference. The extent of underand overreported hospital days within 1 year are presented as means; the absolute error and bias are presented as means plus relative values based on registered hospital days. We performed two separate calculations of bias, one due to participants' reporting error only, and one including admissions between the last interview and dropping out.
To investigate the influence of different recall periods and individual characteristics on recall error, logistic mixed models with subject as a random effect and compound symmetry dependence were fitted. Mixed models have been shown to be an effective method in longitudinal studies with repeated measurements since they can deal with correlated within-subject errors (27, 28) . In our study, participants were contacted four times in the first year and once a year in the second and third years.
We fitted three multivariable logistic mixed models (model 1) and calculated odds ratios (OR) to capture three different recall errors: disagreement in the single admission, disagreement in days per stay, and underreporting an admission, with the following classifications: 'underreporting an admission'
indicates that a registered admission was not reported; 'disagreement in the single admission'
indicates an underreport or that a reported admission was not registered; and 'disagreement in days per stay' indicates that self-reported length of stay did not correspond with registered length of stay including disagreement in admission. The independent variables were recall period (quarterly vs. annually), GDS (depressive symptoms vs. no depressive symptoms), MMSE (cognitive impairment vs. no cognitive impairment), age at baseline (<70 vs. 70-79 vs >80), gender, Barthel Index score (continuous 1-100), EQ-VAS (continuous 1-100). Depressive symptoms, cognitive impairment, and health state were included since they have shown to influence recall ability (3, 6, 12, 13, 15) . The Barthel Index measures the functional status and reflects the objective health state whereas the EQ-VAS reflects the subjective self-rated health state. Since the independent variables were measured several times, the respective values closer to the time of the conducted interview were used in the regression. Furthermore, we included length of stay because we assumed that the longer the stay, the more salient the admission and that participants might be able to remember better (3). In an additional analysis (model 2), we included number of admissions during the recall period because the more admissions the participants have, the greater the likelihood of misreporting (3) could be. All analyses were performed using SAS (Version 9.2, SAS-Institute Inc., Cary, NC, USA).
Results
Sample characteristics
The mean age was 75.0 years and 35.5% were female. Self-rated health according to EQ-VAS was on average 64.4 on a rating scale from 0 to 100; 16.5% had clinically important depressive symptoms and 12.8% were cognitively impaired (Table 1 ). Table 2 presents the prevalence of admission and its agreement. In the first year after suffering from an acute myocardial infarction, about half the participants who attended at least one interview had at least one hospital admission, which decreased to 37% in the second year and 35% in the third year.
Agreement
Specificity of self-reported admissions was generally above 99%, independent of length of recall period. Sensitivity was 93.85% for all four recall periods of 3 months combined in the first year, and 91.18% and 96.20% for the second and third years (recall period of 12 months). Accuracy was above 96% for all recall periods. Note. Registered and reported means that both the hospital records and the participant displayed at least one admission; registered but not reported means that the hospital records displayed at least one admission but the participant did not; not registered and not reported means that neither the hospital records nor the participant displayed an admission; not registered but reported means that the hospital records did not display an admission but the participant did. 
Extent of bias
Discussion
This study examined recall error and recall bias by comparing self-reported admission data with administrative records and discharge letters in the KORINNA study. We quantified the problem of uncovered hospital admissions due to participants dropping out before being contacted. In addition, we investigated if validity of self-reported hospital admission depends on recall periods and patient characteristics in elderly people with myocardial infarction attending a clinical trial.
We found high sensitivity, specificity, and accuracy in both a recall period of 3 months and a recall period of 12 months. The relative bias, caused by incorrect self-reports, (Table 3) in the 3-month recall periods (5%) was insignificantly higher than the bias in the 12-month recall periods (4% and 1%) whereas the relative bias, caused by participants dropping out, amounted to 24% and 38% in the 3month recall period and 12-month recall period, respectively. The chance to misremember an admission or days per stay was significantly smaller for 3-month periods as well as for individuals with better health and longer stays but also for individuals with depressive symptoms compared with those without depressive symptoms.
Strengths of the study are firstly, that the RCT included a relevant population in which hospital admissions are the main cost driver. Thus, it is crucial to assess recall bias in the respective population rather than in the general elderly population which is not representative of elderly patients with myocardial infarction. Secondly, because of the sample size and the balanced number of users and non-users, the results were not driven primarily by non-users. Thirdly, the existing information about participants, such as health and functional status, allowed for investigating the influence of individual characteristics on validity. Fourthly, the detailed information about each single admission enabled matching each reported admission with registered admission. Other researchers (6, 13) only had information about numbers of admissions or the sum of days of all admissions during the recall period but no information about the length of stay per admission. Fifthly, by the presence of two different lengths of recall period we are able to investigate if recall bias depends on recall period length.
A limitation of our study is that allocation to different length of recall periods was not at random in the KORINNA study. All participants were first exposed to recall periods of 3 months over a year and then to recall periods of one year. This may introduce two issues which affected the internal validity. Firstly, it may be postulated that repeated reporting leads to a learning effect. In this case we would expect that the recall bias is associated with the different quarters in the first year. To test this, we used a logistic mixed model to examine if there is a different influence of the four 3-months recall periods on disagreement in the first year. The estimators of the four recall periods did not show any trends indicating that there was no learning effect. Secondly, more admissions occurred in the first year than in the second and third years (Table 3 ). Therefore, we do not know how valid self-reported admissions would have been when asking annually in the first year, especially since there was an association between misreporting and number of admissions. In order to gain more insight we compared the prevalence of admissions and mean number of admissions over the different years. While prevalence of admission differed significantly between first year (47%) and second (37%) and third (35%) years, mean number of admissions for patients having at least one admission did not differ significantly (1.84 vs. 1.65 vs. 1.59). Therefore, it can be assumed that results would remain robust when participants have been asked annually in the first year.
Two further limitations affect the external validity. Firstly, the participants of our study had an acute cardiovascular event so that our sample is not representative of the general elderly population but of the elderly population with heart disease. Secondly, considering that participants were asked to report detailed information about their hospitalisation (such as number of admissions, and for each admission length of stay, etc.) and that these questions could act as memory cues, our results would only be partially comparable to other studies. We cannot rule out the possibility of a memory cue given the high sensitivity and specificity despite the participants' sickness. It is worthwhile to consider including such additional questions to improve validity of self-reported hospital admissions in other studies. (10, 12) have observed that individuals with better health states reported their admission more accurately. In contrast, Yu et al. (31) , who included all age groups, found a correlation between poor health and the likelihood of accuracy. It is noticeable that we found higher validity in healthier individuals, but we also found higher validity in participants with depressive symptoms. Rozario et al. (14) did not find a significant association between depressive symptoms and the accuracy of self-reported hospital admissions, whereas Wolinsky et al. (12) reported a higher chance of underreporting in depressed participants. Our findings that men were more likely to misreport their hospital admissions are consistent with Wolinsky et al. (12) . Other researchers found no gender association (6, 13, 14, 16) .
We considered hospital records and discharge letters as the gold standard for calculating sensitivity and specificity, because reimbursement is based on these records and data quality can be assumed to be high. A restriction is that hospital records and discharge letters were not available for all hospital sites. In the case of admission to CHA, all hospital records were available so that all unreported hospital admissions could be detected. This cannot be assumed for other hospitals as a participant must be admitted at least once to that hospital to detect an unreported admission. About 9% of the admissions to CHA were not reported compared with 4% of non-reported admissions to other hospitals. As it is expected that the percentage should be equal, up to eight admissions may have remained undetected throughout the 3 years. Incorporating these admissions, the sensitivity would slightly decrease to 91.05 (first year), 93.8 (second year), and 88.6 (third year) and the specificity to 99.28 (first year), 99.23 (second year), and 99.21 (third year).
A very important aspect of our findings is the bias caused in longitudinal studies by participants dropping out before being (re-)contacted. We assumed that collecting hospital admission data quarterly would ensure a small bias due to participants dropping out. However, the relative bias amounted to 24% and caused a relevant underestimation albeit applying short recall periods. Applying a 12-month recall period in the second year, the relative bias increased to 38% although the drop-out rate was almost the same (24% in the first year, 23% in the second year).
The estimator for recall period changed and became non-significant when controlling for number of admissions during the recall period since disagreement was primarily driven by the number of admissions. The longer the period the more admissions are naturally possible so that in this way the length of recall period influences recall error rather than length of period itself. Kjellsson et al. (6) reported a significantly reduced chance ((exp(-0.030)=OR of 0.970) of disagreement in prevalence of admission when asking for the previous 3 months instead of 12 months, although adjusting for registered admission. However, disagreement in prevalence of admission is not similar to disagreement in the single admission and therefore hardly comparable. We found that disagreement in the single admission was significantly lower for longer stays (model 2, OR=0.907). This could be assumed as longer stays represent salient events which are more likely to be reported accurately (3) .
Further research should be done to investigate the influence of recall periods on validity of selfreported hospital admission in clinical trials by randomised allocation to different length of recall periods.
Conclusions
The bias within 1 year was not influenced by applying various recall periods although the probability of correctly self-reported single hospital admission was higher using a recall period of 3 months. It can be recommended that lengthened recall periods of 12 months in longitudinal studies are appropriate for gathering self-reported hospital admission in elderly people with myocardial infarction.
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